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SUMMARY

The present work has examined calorimetry concepts for use with a high flux
radiant thermal source employing flashlamps. Sensing elements of various
calorimeters examined included: thermocouples; photodiodes; thermistors; and,
pyroelectric elements. Calorimeters were cross calibrated and characterized using
five different radiant sources to provide various fluxes, fluences, thermal pulse shapes
or source solid angles. These sources included: a resistively heated graphite element;
a quartz envelope tungsten filament lamp bank at the DNA Tri Service Thermal Flash
Test Facility; a commercially available portable high intensity tungsten lamp;
photographic flashbulbs and; the DNA funded, SAI fabricated, Flashlamp Source (FLS).

The calorimeter concept recommended for use at high fluxes from the FLS is a
HyCal calorimeter with a specially designed, fabricated and calibrated attenuator to
reduce the flux on the calorimeter to the proper range in a predictable and repeatable
fashion. This concept has the advantages of commercial availability, community
acceptance of the basic instrument, ease of use, low cost and good response times.
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SECTION 1 INTRODUCTION

The survivability and vulnerability of equipment threatened by exposure to
nuclear weapons effects is a matter of concern to many Defense programs. Much
information has been gained on system vulnerability through nuclear weapons tests
and, since the nuclear test ban, through high explosive simulations. However, the
simulation of the thermal effects of nuclear weapons, especially at high fluxes, has
remained a serious problem.

Over the last few years Science Applications, Inc., (SAI) has been developing a
high intensity thermal simulator based on the use of flashlamps. (The high direction-
ality and limited spectrum of lasers makes them inferior simulation sources in spite of
their high fluxes and intermediate fluences.) The Flashlamp Simulator (FLS) is
expected to produce fluxes as high as 2000 cal/cm2 sec (8.4 KW/cm?2), far in excess of
any previous simulators. Since such simulators have not been available, instrumenta-
tion capable of characterizing the performance of the flashlamp system does not exist.
Consequently, accurate source characterization and testing over the full range of
expected flashlamp system capabilities is not presently possible.

In the present work, SAl, which has been developing instrumentation for the
defense community for over eight years, has developed preliminary concepts for
calorimeters capable of measuring fluxes up to 2000 cal/cm2 sec. These approaches
are based on proven principles which have served the thermal test community well for
years. Other concepts hold promise of being able to provide the fast response
necessary to characterize the short pulse durations expected during the flashlamp
system operation.

The DNA/BMD sponsored high flux nuclear thermal radiation simulator was
expected to be ready for first operational testing in April 1982. The system uses high
intensity flashilamps to simulate the intense thermal radiation environment produced
by the nuclear fireball. Because thermal sources of this intensity have not been
available up to now, instrumentation for this regime has not yet been developed.
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The thermal test community has developed instrumentation which is quite

suitable for the moderate, and relatively constant, flux conditions. However, the
standard "high" flux slug type and asymptotic calorimeters do not operate well above
200 cal/cm?2 sec flux ranges and have time constants which are much too long (0.2 sec)
for use with the new flashlamp system. Fast response photometers, employing
photodiodes, suffer from a limited and non uniform spectral response which prec}udes
their independc 1t use as calorimeters and introduces severe uncertainties even when
augmented by spectrometers and energy balance calculations in closed and controll-

able systems.

Fast response high flux calorimetry therefore presents a serious problem which
should be approached initially with a number of techniques each having promise of
potential success after a limited initial investigation and each capable of being cross
calibrated with existing instrumentation at lower fluxes provided by sources which are

better characterized than the new flashlamp system.

Since calorimeters respond to temperature increases in a specific sensing
volume, their response to a constant flux is essentially asymptotic. Calorimeters
intended for low flux ranges can have small sensing volumes and fast response times.
Those used at high fluxes generally have highe'r thermal inertia and slower responses.
One technique for achieving better response times at higher fluxes would be to use a
low range fast response calorimeter and attenuate the incident radiation by means of
an absorber or collimator. An absorber is not recommended for the flashlamp system
since it would absorb in some set spectral region while the spectral form of the
flashlamp system output is expected to be time dependent within each simulation, and

power density (or input current) dependent for different simulations.

The type of collimator design chosen is shown in Figure 1. The small inlet
aperture is shaped to allow acceptance of large angle radiation from the essentially
diffuse flashlamp source and the entire collimator is made of a high reflectance
material. It is important that the front surface of the collimator also be highly
reflective since a high reflectivity will greatly reduce the energy absorbed into the

collimator and prevent melting at high fluences.
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The internal shape of the collimator is also important. Since flux (as defined and
as measured by the calorimeter) is the integral of the perpendicular component of the
incident radiation, care must be taken to maintain the diffuse nature of the radiation
incident at the aperture. The cavity will attempt to conform to the shape of a
truncated cone with its entrance being the internal area of the aperture and its exit
being the area of the calorimeter. This should provide a flux uniformity on the
detector which is comparable to that at the aperture with a minimum number of

reflections and associated reflective losses.

Aside from the fact that the basic calorimeter is readily available this
modification approach recommends itself for a number of reasons. First, since the
portion of the instrument which faces into the test chamber is not a sensing element,
it can be reflectively coated rather than blackened. The maximum rate of heat input
to the collimator could then be only 100 cal/em?2 sec (i.e., 5% absorptivity in a
2000 cal/cm?2 sec flux) and the maximum energy deposition would only be 20 cal/cm?2
based on the maximum phase II system fluence of 400 cal/cm2. Second, the present
thermal test community will have confidence in the performance of an instrument
which relies primarily on a well understood and commonly available detector.
Furthermore, this will facilitate cross calibration with the types of instruments future

flashlamp system users might be expected to own.

In contrast to the above design, Figure 2 shows a simple pin hole attenuator. The
relatively small acceptance angle presented by the pin hole eliminates the overall

response of the instrument to a large solid angle of diffuse incident radiation. A

cylindrical cavity with a small length to diameter ratio results in a non uniform
irradiation of the calorimeter while a large L/D spreads the radiation over the

calorimeter surface but involves multiple reflections and a further distortion of the
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initially diffuse radiation into a more direct beam. Under such circumstances even a

highly reflective coating cannot significantly improve the design.
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Other calorimeter concepts were also examined in the present effort which were
based on various sensing elements. These included pyroelectric sensors, thermistors,

slug type calorimeters and null point detectors. Each of these will be discussed in the

present report as the experimental program is related.
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two calorimeters are evident from the traces. The Null Point calorimeter, which
possesses a thermocouple attached to a finite thermal mass, registers an ever larger
response as it becomes heated while the water cooled Hycal calorimeter asympto-
tically approaches a fixed response for a fixed input. Ninety percent of the Hycal
calorimeter response occurs in approximately 40 ms. Figure 8 is an expanded plot of 7
showing detail in the rise of the shutter and the calorimeter responses. While careful
examination of the traces in Figure 8 indicates that the CARRS shutter had fully
exposed the calorimeters to the input thermal flux before the calorimeters started to
respond it was clear that the shutter opening time was not sufficiently fast to reveal

the response of the silicon photodetectors.

2.1.2 Flashbulb Testing

While reasonable fluxes and large fluences are available from the CARRS, the
rise time of the thermal output of this source, even when mechanically shuttered
cannot approximate that expected from the single lamp pulses developed by the FLS
without prohibitive modifications to the shuttering mechanism. Furthermore, there is
no capability for repeating the pulse rapidly enough to test the recovery time of the

detectors much less to duplicate the firing sequence of the FLS lamp bank.

A fast rising repetitive source was therefore fabricated using standard Sylvania
"Blue Dot" photographic flashbulbs with the blue tint removed. Figure 9 shows a
schematic of the experimental layout. An Apple II microcomputer was used to trigger
the relay which fired the flashbulbs and to simultaneously trigger the LeCroy data
acquisition system. A sample output from the one flashbulb is shown in Figures 10 and
11. The upper trace in each case is the reference calorimeter, the lower trace was
produced by the photodiode from the IS detector without the integrating sphere.
Figure 10 resulted from a blue coated flashbulb while Figure 11 resulted from a

flashbulb with the coating removed.
A number of points can be observed in these figures. First one can see the

extremely fast response of the photodiode compared to the calorimeter. However

when the photodiode is not shielded by the integrating sphere (which provided an
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TABLE 1
Amplifier Calibration Constants
A B
amp # 1, S.N. 41011 - 5.420094E-04 499553
amp # 3, S.N. 41010 5.788728E-03 499619
amp # 3, S.N. 41012 1.527294E-04 498672

A sample calorimeter calibration curve is shown in Figure 4.

The carbon rod used was actually a fin 30.1 mm in width to provide an essentially
21 source to the calorimeters which were positioned 1.5 mm from the fin surface.
Figure 5 shows a superposition of two sample outputs from one test. In this case the
upper trace is that of the reference calorimeter and the lower trace is that of the

Medtherm calorimeter provided by John Dishon.

The CARRS was originally designed to simulate the output of large yield nuclear
weapons and the thermal inertia of the relatively massive carbon radiating element
allowed it to closely match the slowly varying pulse shape from such weapons. This
slow variation was not however useful in estimating the response times of the
calorimeters. For this reason a shutter was incorporated into the CARRS design. The
shutter was a simple gravity operated blade with a window 10 inches wide. When
operated the window moved between the carbon rod and the detectors at a velocity of
179 inches per second. Pulses of variable duration (! to 20 seconds) could be obtained
by opening and closing the shutter. This arrangement is shown in Figure 6 with all
other aspects of the system identical to those shown in Figure 3.

- Figures 7 and 8 show the results of one such test. In Figure 7 the upper most

trace was obtained from the silicon photodetectors used to time the rise of the shutter
and mark the onset of the step input thermal pulse. The CARRS was monitored for
output varjations with a reference calorimeter (SN# 75772). This trace (unshuttered
Hycal) appears as an unchanging horizontal line in Figure 7. The remaining traces
show the response times of the Accurex Null Point calorimeter (montonically

increasing trace) and a Hycal calorimeter (SN# 64933). The different natures of the
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However, other sources were used to make specific measurements of certain

SRRTZ AR,

detector characteristics. Among these were:

-
¢

A collimated high intensity torch lamp whose high directionality allowed

o

determination of the angular dependence of the calorimeter responses.
(Section 2.1.4)

-——————
Chth]

o A photographic flashbulb source whose sharp rise times were useful in
determining the response and recovery times of the calorimeters. (Section
201.2)

2.1.1 CARRS Testing

These tests employed the SAI designed and fabricated Carbon Rod (or fin)
Radiating Source (CARRS) described in Section 2.1.

For cross calibration purposes calorimeters were positioned and connected as
shown in Figure 3. The data acquisition system chosen was a LeCroy microcomputer.
Two calorimeters were employed in each test, the reference calorimeter (Hycal
S.N. 72383, nominally 1000 BTU/ftzsec or 29.81 cal/cmzsec/mv and previously
calibrated to 1 mv =110 BTU/ftzsec) and the calorimeter to be calibrated. Amplifier
calibration was of the form

F(x) = A + Bx

where F(x) is in volts and x, the detector output, is in millivolts.

Three Ectron 500 series D.C. amplifiers were used during the tests. Table | identifies .
them and their respective constants as used in the above equation. ~
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2.1 RADIANT THERMAL SOURCES

P .~ — — —— e — .

The problem of developing a calibrated calorimeter for use with an uncalibrated

source (i.e., the new FLS) required the availability of other radiant sources for at least '
1
' four reasons: N
t E
: I.  The repeatability of the FLS output was unknown :'-j
i 1
' 2.  The output spectral shape and time dependence was unknown ¢
[ ]
b :-‘
[ 3. The space and time uniformity of the flux in the exit plane of the FLS was -4
3 :
' uncertain
S
X 4. The FLS was still in shakedown tests and its availability during the test
program was expected to be driven by its own, higher priority,

development.

It was planned from the beginning to employ other sources in the test program,

most notably:

o The SAI designed and fabricated CARRS or Carbon Rod Radiating Source,
employing a battery bank to resistively heat a carbon radiating element to

a high temperature. (Section 2.1.1)

] The QLB or Quartz Lamp Bank source, used at the DNA Tri Service .
Thermal Flash Test Facility operated by the University of Dayton Research .
-.1
Institute (UDRI), employing a DC driven bank of tungsten filament, quartz >
enclosed lamps. The tests performed on the QLB were done under a UDRI %
subcontract. The UDRI report is contained in a separate appendix ~
"' ' (Appendix A). Excerpts from the appendix are included in the main report N
. for the sake of continuity and completeness. (Section 2.1.5) )
i g
'
'’
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surface to which the thermocouple is attached follows that of the front
surface. The Null Point Detector has been used successfully in tempera-
ture measurements of simulated nose cone reentry problems. With a good
absorbing coating for broad spectral response and a small sensing volume
the ND held promise for a fast response calorimeter. Unfortunately its
design stresses temperature measurement rather than flux or fluence and
computer interpretation of the output is required for it to be used as a
calorimeter. Furthermore, when the duration of the thermal pulse is long
enough (greater than .17 seconds for the present detector) to cause the
approximation of an infinite front surface to fail, the usefulness of the
signal as being representative of the front surface temperature seriously
degrades. The ND was provided by Accurex Aerotherm of Mountain View,

California.

The Pyroelectric Detector (PD) uses the fact that some materials generate
an electric field when subjected to a temperature gradient. The output
signal is therefore proportional to the flux gradient and must be integrated
in order to obtain the flux. The PD is inherently a fast response sensor
with a broad and flat spectral sensitivity but they are expensive, especially
if purchased in a complete detecting system, and have a reputation for
delicacy which has hampered their acceptance not only in field work but

even in the laboratory.

The Thermistor Detector (TD) is based on the fact that various materials
have a strong rapid and reproducible resistivity dependence with
temperature and can be produced with a uniform broad band spectral
absorbtivity. Theoretically and to a first approximation the temperature
increase during irradiation should be relatable to the cumulative incident
fluence and hence the flux. The detectors constructed did not perform
well and it is assumed that conductive and convective heat phenomena
were, and may inherently be, too irreproducible to allow accurate

calibration of such devices.
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SECTION 2 CALORIMETER CROSS CALIBRATION

The development of any new calorimeter concept first requires the calibration of
a standard reference. SAIl possesses water cooled Hycal asymptotic calorimeters
previously calibrated by the manufacturer with reference instruments traceable to the
National Bureau of Standards. Due to the range of sources and fluxes to be used in the
calorimeter development and the preference to have a resulting instrument which was
based on an off the shelf, and hence community accepted, design, a number of existing
calorimeter concepts were cross calibrated with the Hycal standards. These included:

1.  The Integrating Sphere (IS) calorimeter currently in use with the Flashlamp
System (FLS). It consists of a photodiode mounted in an integrating sphere
and was fabricated by SAI for use with the FLS. The response time of the
photodiode is excellent but the spectral response is limited. Thus, while
pulse shape is well characterized, determination of the total energy in the
pulse requires accurate knowledge and stability of the source spectrum.
The FLS also uses an SAI designed and fabricated calorimeter employing a
large graphite sensing element and standard thermocouple instrumentation
but this was too large for use with the sources to be employed in the test

program.

2. The Medtherm Calorimeter (MC) which is a commercially  available,
uncooled, slug type calorimeter. The surface coating on the MC provides a
broad spectral response but being uncooled it has a large thermal inertia
and a slow response time. This particular calorimeter was supplied by John
Dishon of the SAI/Albuquerque office and had been used in conjunction

with the SAI developed TRS, a large area thermal-simulator which burns

aluminum powder and liquid oxygen in a large torch like flame.

The Null Point Detector (ND) which is basically similar to a slug type

calorimeter in that it uses a thermocouple to measure the back surface

temperature of a sensing volume. The main difference in the ND is that

the sensing volume is designed so that the temperature history of the




In conclusion, fast response high flux calorimetry is a relatively new field of
instrumentation. Modification to existing calorimeters, if feasible, is preferred to
enhance the understanding and confidence of the thermal instrumentation community
in their operation and calibration but new concepts should be pursued to reach the
time responses necessary for characterizing flashlamp outputs. The proposed effort
was aimed at producing a reliable high flux calorimeter in order to begin character-
ization of the flashlamp system and allow.the start of meaningful test program’s. A
second purpose was the examination of new calorimetry concepts which might be
developed into instruments particularly suited to the unique environments expected in
the flashlamp system and which could be cross calibrated with existing calorimetry

and fully accepted by the thermal test community.

DI R '- . A e ..."..).....;‘_ .‘,‘..‘ R,

S




Eudir i

L N 4 g ot 4

L SMALL ANGULAR ACCEPTANCE

N

CALORIMETER

FIGURE 2. Pinhole Collimator

D I i P T S S S SRS
P TR TR L S P T e N T ST
R R N AU AP S S




balh e e Renin Thods ig
I e A AR T N N o
- - - . - S Te e m T N . .

S e TS L TR T TN TTTI "V T,

Ol i e a4

Falit i i)

T

DGR . 2t Ay AR

/'— BULB
HYCAL___ "~
:[:@’3  m—

\\,./’ NULL POINT

SINGLE BULB ARRANGEMENT

FIGURE 9

19




.
]
-
‘o
.u

ouc] GETECTOR W~ INT SFHEFRE. AND CALCOFRIMETEF
e Stee Lo&léc»i
_4 b tes C =
-
] CALORIMETER
T IS DETECTOR
-—
- leoe | T T T T ( _
8. 005 TIHE CMSECS N j T 200

FIGURE 10. CROSS CALIBRATION WITH BLUE FLASHBULB

BB 35 LIRS WONI

R AN

S 2 AMEre P P T~y v Emd




..........

ouol-c

1.423 7

3

DET. MW~-0 INT SPHERE. ANUD CALORIMETER (CLEAFRD

Hlasheube

- C_c..‘ur-m.lb« Ql s s"""“ le)
L LG‘\(‘;\ T SCV)
SN 7233

{ A (L—,,\\“ - 1)
J /
-.1e00 =7 : . , ' _ T —=
O Bon TINE (MSEC S ' ' MY

FIGURE 11. CROSS CALIBRATION WITH CLEAR FLASHBULB




attenuation factor of 2.52 x lO'a) the light levels are so high that the detector cannot
recover in a time period comparable to the calorimeter. Figure 12 shows the result
when the integrating sphere is used. Now the rise time and the recovery time are

better than those provided by the calorimeter.

A second point should be noted in comparing Figures 10 and 11. When the clear
flashbulb was used the output of the calorimeter was noticeably higher while there was
no change in the photodiode output. This highlights the lack of spectral sensitivity in
the photodiode since the components of light filtered out by the blue tint (i.e., the less
energetic red and yellow photons) are not detected with any efficiency in the clear

flashbulb case.

In order to test the recovery time of the detectors two flashbulbs were fired in
sequence using essentially the arrangement as depicted in Figure 13. Initial attempts
failed due to sympathetic ignition of the second flashbulb when the first was fired but
a simple shield was set up to prevent this. Figures 14 to 16 show the results for two
bulbs fired simultaneously, 25 msec apart and 50 msec apart respectively. In each
case the photodiode, now in the integrating sphere, shows a faster rise time than
either the reference calorimeter (here a Hycal 300 BTU/ftzlsec S.N. 64933) or the null
point detector. However, the recovery time of the IS is generally poorer than the
Hycal and the null point detector appears inferior to both in this respect. While
computer enhancement of the null point detector output might raise its actual
sensitivity, it is unlikely to exceed that of the calorimeter. Obviously the more
sensitive, lower range calorimeter used in Figures 14 to 16 has a better response and
recovery time than the less sensitive, higher range one used in the single flashbulb
tests of Figures 10, 11 and 12.

2.1.3 Flashlamp Testing

The tests performed with the FLS used standard calorimetry to compare the FLS
with other thermal sources (CARRS, quartz lamps etc.) and provided ground work for
higher flux testing using optical attenuators. Hycal calorimeters from UDRI and SAl

and the Null Point calorimeter were placed in known positions about the center of the
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exit plane of the FLS output aperture. Data acquisition* was synchronized with the
firing of the FLS and simultaneous readings were made on the calorimeters and the
total current passing through the Xenon lamps within the FLS. The FLS, which has
been constantly evolving towards its final design configuration, possessed 11 separate
Xenon flash tubes during these tests. The FLS system controller was programmed to
fire the 11 lamps sequentially and repeat once to produce a crude 'square' wave pulse
800 ms in duration. The intensity of the output radiant energy depends upon the
amount of overlap in Jamp firing and the voltage to which the capacitor bank has been
charged (nominally 750 volts). Figure 17 shows a 490 ms pulse at 716 volts while

Figure 18 shows an expansion of these results for detail.

The horizontal axis is marked in units of time shown and the vertical axis is
scaled in units of flux (calories/cmzsec), millivolts (mv) and amps depending upon the
curve under examination (see legend on Figure). The trace consisting of a series of
horizontal bumps (CH4) shows the current flowing to the xenon lamps. Previous
work ** has shown that the structure of xenon lamp output closely follows the current
use, although the absolute intensity of the radiation in the exit plane is not uniform
due to the spatial arrangement of the flashlamps. The bumps are roughly 20 ms wide
which is half the calorimeter response time.*** It is apparent from the calorimeter
traces that the calorimeters had some difficulty in following the current traces
although the spacing of the peaks is more important than their magnitude due to

geometry considerations mentioned above.

The time lag in calorimeter response leads to a superposition of responses of the
individual lamp flashes yielding a waveform with a period of roughly 120 ms. The
response of the two Hycal calorimeters are very similar except the UDRI shows less
detajl. It should be noted that the sudden flattening of response of the UDRI
cajorimeter and the Null Point calorimeter is due to the signal clipping in the data

* LeCroy 3500 system described previously.
*# Opinion of Dr. H. Verdun, SAI Electroptics Laboratory.
*## Defined here as 90% of full output.

28

..... JRRRSI RRSS




BN A b M g e ._._i..._,((‘_,‘r__'l.]
-:‘
.
" Foll Verl. Scale '
CHi, CH3 - 300 Cal femisec 4
. CHN2 - 10 »v _:
o ] - 000 Amps "':
! : 3
]
L N
3
o
8 E
v b T\ . b & - ::-
cé3 I I ‘ ' | G--.-d—-‘ 1
- ) ‘
AN -
r

N N2

FLASH 82 30.8 Csdiv. 81.9 mssdiv.

1 1 1 1 L 1 4 = VA B wan . =
FLASH LAMF TEST # 2 9 SEFT 82
CH 1 = SAlI HYCAL (1993 BTU/FTZ SEC)
CH 2 = NULL FOINT CALORIMETER
CH 3 = UD HYCAL (72 BTU/FTZ2 SEC)
CH 4 = CURRENT SENSOR

NOTE: 756.0 VOLT CAPACITOR EANK VOLTAGE. 819.2 MS SHOWS COMFLETE
FLASH. CH 3 DATA SHOWS RESULTS OF 8212 DATA LOGGER CLIPPING.
&CH2 (-5v TO + SV RANGE)

FIGURE 17. FLASHLAMP CROSS CALIBRATION

29

--------------------
....................

AT P P SR . . . . et
e U 1 I WRLEAP AP Wl Wit W, Sy AR, S, S Sl SR, L S Tt S U S G A L SR SOCITC A SN SRS e W




i i PR el =Y g N ek Tag i bagd e A P SN R e S Ce o R MY S S S SN i RN iRt e i e Sl il

.....

" Full Vert Scale

CHi, CH3 - 300 Cal/cmisec
= CHQ - I0my

Che —~ 5000 Amps

-3 *
JLAS 38.8 Csdiv. 20.5 ass/div.

1 1 | i 1 1 1 1 I |
FLASH LAMF TEST # 1 9 SEFT 82
CH & = SAl HYCAL (1900 BTU/FTZ SEC)
CH 2 = NULL FOINT CALORIMETER
CH 3 = UD HYCAL (752 BTU/FTZ SEC)
CH 4 = CURRENT SENSOR

NOTE: 716.8 VOLT CAFACITOR EANE VOLTAGE. 245MS SHOWN REFRESENTS
FIRST HALF OF FLASH.

FIGURE 18. DETAILED EXPANSION OF FLASHLAMP CROSS CALIBRATION

30




L i P S i S Al St Sl il St Sy Ca i Gadh M SR gl s BCuAa it aed 3

acquisition system. The Null Point calorimeter seems to reveal less detail than the
Hycal calorimeters. Calibration of the Null Point calorimeter is required before flux
information can be gathered from this device. Appendix B shows the simulated output
of a Null Point calorimeter based on a finite element computer analysis. The average
peak fluxes* for two tests based upon SAI and UDRI Hycal calorimeters and FLS

capacitor bank voltages are shown in Table 2.

TABLE 2
FLS Test Results

Test 1 Test 2
Average, Peak Flux 207.0 213.3
(cal/cm” sec)
Bank Voltage 716 756
(volts)

Figure 17 is interesting due to the sudden drop in calorimeter responses and a
sudden surge in current approximately 400 ms into the test. This corresponds to the
failure of a xenon lamp and arcing to the reflective chamber side walls during the test.
Since these calibrations were performed during the checkout of the new FLS such

problems were common.
2.1.4 Angular Dependence of Detectors

Many detectors possess an angular dependence in their output which may effect
the manner in which energy radiated at angles other than normal to the detecting
surface is recorded. Both the Hycal calorimeters and the Accurex Nuil point probe
possess a flat detecting surface which is normally exposed to a 2 ¥ solid angle of
incoming energy. The surface behaves much like a blackbody absorber with
emissivities ranging from .89 to .95. However the Integrating Sphere (IS) and the

collimator for the .alorimeters both possess pinhole apertures which do not permit

* The hycal calorimeter output is accurate to * 5%.
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total 2r angular acceptance of energy. The angular deperdence uf the columarc:
calorimeter system was tested at UDRI and results are given ir. che [JDRI repo ..

results of test upon the SAI IS are presented here.

A high intensity lamp with a 1000 watt (Smith Yictor Torp. Tis Jor:hiai:m
collimated output was moved in 15 degree angular increments in one plane and at

fixed distance from the input aperture (see Figure 19) .

This procedure was repeated along another axis perpendiculas to the fret. v
resultant outputs for the two axes are shown in Figure 20 piotted ag=zinsi the angule
position. Collimated light falling on a perfect absorbing surface at different angles
would exhibit a cosine dependance with the maximum intensity rccorded with the lamg
normal to the absorbing surface. Figure 20 plots the output normalized to the light
detected with the lamp in the normal position and divided by the cosine of the angle ol
the lamp from vertical. This is done to show any deviation from perfect cosine
dependance which is illustrated by a dashed line in Figure 20. From the plot we sz=
that for the plane containing Axis | at increasingly oblique angles tc the inpu:
aperture, the IS response deviates ever more from perfect cosine dependence. This is
due to blockage at the input aperature similar to the depiction showing in Figure 1%
A second plane, containing Axis 2 was selected to fall above the dstector. At angles
where the light falls directly upon the detector, rather than diffusely from reflections
on the internal surface of the integrating sphere, a highly peaked response is observed
(see Figure 20). These deviations from the preferred cosine response of the detectar,
together with its lack of spectral sensitivity, invalidate its use as a calorimeter

regardless of its utility as a monitor of the temporal cutput c¢f the FLS.

2.1.5 Quartz Lamp Testing

Calorimeters were also crosscalibrated at the DNA Tri Service Therme! Flash
Test Facility (TFTF). The source used consists of a bank of 24 GF Q6M/T3/CL/HT

"Quartzline" lamps, rated 6000 watts at 480 volts each, in two rows of 12 lamps each

mounted horizontally with their quartz envelopes in contact forming a pack approxi
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Table 5

Results of Angular Dependence Measurements at TFTF

Configurations: (Calorimeter No. 75771)

a) w/o attenuator

b) with attenuator face at inside wall plane (Fig 35a)

c) with attenuator, with calorimeter face at inside wall
plane (Fig 35b)

Flux (cal/cmz-sec)(Figs 36-50)
face-to-lamp

angle a) b) c)
0° 53.3 14.4 14.2
5° right 53.3 13.9 13.9
10° right 52.5 14.0 13.7
5% up 53.3 14.2 13.1
10° up 52.3 14.6 13.5
%
\..
b\'
l\~
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differences in the cosine effect of the incident radiation and the still limited

acceptance angle.

This attenuator was also calibrated in the holder described in Figure 26 at
various angles with results presented in Table 5.

Complete details of the UDRI calibrations are presented in Appendix B.
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Table 4 (Continued)

Results of Tests at Three Flux Levels at TFTF

LEVEL 3

HDLB2 without reflector. 60% power. Full-window, single-unit
calorimeter holder with blackened face.

Flux (cal/cmZ-sec)
Ser. No. group 1 group 2 group 3 Average

55199 17.4 17.4 17.2 17.3

95301 17.0 16.9 17.0 17.0

75771 17.4 17.6 17.4 17.5

36002 17.2 17.2 17.0 17.1

72383 18.3 18.3 18.0 18.2
42
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Table 4

Results of Tests at Three Flux Levels at TFTF

LEVEL 1

HDLB2 with gold-plated aluminum reflector. Full-power, full-
window, single-unit calorimeter holder with polished face.

Flux (cal/cm?-sec)
Ser. No. group | group 2 group 3 Average

55199 63.3 63.3 63.7 63.5
95301 62.6 62.6 62.7 62.6
75771 64.1 64.1 64.1 64.1
36002 64.2 64.2 64.2 64.2
72383 66.7 66.7 67.1 66.8
LEVEL 2

HDLB2 without reflector. Full power, full-window, single-unit
calorimeter holder with blackened face.

Flux (cal/cmz-sec)
Ser. No. group | group 2 group 3 Average

55199 37.4 37.2 37.2 37.3
95301 36.7 36.5 36.7 36.6
75771 37.7 37.5 37.5 37.6
36002 37.1 36.9 36.9 37.0
72383 39.3 38.9 38.9 39.1
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Table 3

Operational Parameters of HyCal Detectors

Used at TFTF
Calibration Conversjon Factor Response, ms
Ser. No. Date BTU Range (cal/cm”-sec)/mv (time constant)
55199 02-21-83 300 9.170 70
36002 " 750 24.592 40
95301 " 300 8.191 70
72333 " 1000 32.716 30
75771 " 300 10.475 70
39
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mately 5" high, 7/8" deep with 10.5" between retainers (Figure 21). Most calibrations
were performed at full power voltage which improved pulse repeatability. Three ::'
different source configurations were employed to vary the radiant energy rates. A R
gold plated aluminum reflector fits around the bank at a 1.5" separation to provide the ::;
-t
1

highest flux. Lower fluxes are achieved by a gold plated stainless steel refiector with
a 2" separation and still lower fluxes are generated without a reflector. Pulses are
shaped by a gold plated aluminum shutter moved by a pneumatic solinoid opening at

224 in/sec and closing at 75 in/sec.

Calorimeters can be cross calibrated using a full window dual unit which fills the
4" x 4" test window and holds two calorimeters above and below each other on the
vertical centerline of the test window and 0.362" off the horizontal centerline (Figure
22). Another holder (Figure 23) fits into the test window and holds one calorimeter in
a ring mount which can rotate on a vertical axis. Data collection was by a
Hewlett/Packard model 7046A dual-pen platen recorder.

Six calorimeters were used in the cross calibration. Five were Model C-1312-A
Asymptotic calorimeters manufactured by Hy-Cal Engineering (Table 3).

Manufacturers specifications indicate that this model has an accuracy + 3%, a

repeatability of + 0.5% and a linearity of + 2.0%. The sixth calorimeter was the null
point calorimeter, mentioned previously, held in a special adapter (Figure 24) to allow
its use with the above mentioned calorimeter holders.

Calorimeters were cross calibrated at the three flux levels produced by the
different configurations mentioned above using the dual unit and, in the case of the

null point detector, the special adaptor. Results are presented in Table 4.

An attenuator (Figure 25) was fabricated from aluminum to press fit snugly on
the standard 5/8" o.d. HyCal instrument. The design of the attenuator
foliowed that shown previously in Figure 1 with an inner core surface of 45° and a high
polish on both the interior surface and the front face to reduce the heat load on the
adaptor. The input aperture is 0.198" yielding an input aperture tc r.yCal surface ratio

of 10:1. The actual measured attenuation factor was however 3.7:1 resulting from

35
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SECTION 3 CONCLUSIONS -

The present effort has cross calibrated four basic calorimeter types:

P PO

Watercooled Hycal asymptotic calorimeter
Slug Type Medtherm calorimeter

Null point calorimeter

Aad

© 0 O ©

SAI Integrating sphere

Four different sources were used:

S Al oo dasd ot

SAI designed CARRS

Flashbulbs

DNA Tri Service Thermal Flash Test Facility
SAI Flashlamp System

o O o O

PRI WP,

Two other calorimeter concepts based on thermistor and pyroelectric sensors
were examined but could not be developed into useful calorimeters within the
restrictions of the present contract. Thermistors examined did not have acceptable
response characteristics and the pyroelectric sensor was extremely delicate and failed

before testing was completed.

. S e e e e,
K B A P R A o LY
e 'ae o L

The calorimeter concept recommended for near term use with the flashlamp
system is a specially designed and fabricated attenuator to allow use of a lower range,
fast response, commercially available Hycal. Being based on a community accepted -

calorimeter it is felt that this concept will allow ease of operation, ready relatability

A

.

to other efforts and user confidence in the instrument.
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PART 1
THERMAL FLASH TEST FACILITY

SOURCE

.‘
J
4
1
| AT IO

The primary radiant energy source of the UDRI/DNA Tri-
Services Thermal Flash Test Facility (TFTF) consists of a
bank of 24 GE Q6M/T3/CL/HT "Quartzline" infrared lamps rated
6,000 watts at 480 volts each. The lamps have an envelope

s
ot A

e
‘ol A

outside diameter of 3/8" and are 11-3/4" in overall length
with an effective radiating filament length of 9-3/4". At

s
v

rated power 100% of the relative intensity of the lamp is
at 0.9 micron with a usable spectral distribution of 0.4

micron to 5 micron (Fig. 1l). The Facility has several con- _f
figurations of lamp mountings, one of which is called the 3

High Density Lamp Bank No. 2 (HDLB2) and was used exclusively

for the calibration program resulting in this report. Two
rows of 12 lamps each are mounted horizontally with their
cuartz envelopes in contact forming a pack approximately

5" high, 7/8" deep with 10-1/2" between retainers (Fig. 2).
The HDLB2 is attached to the side of the Wind Tunnel test
section, 1/8" away from the 4-1/2"x9" gquartz window that
forms one wall of the tunnel. The lamps are wired in three
groups of eight to a three-phase SCR type power controller
capable of supplying any balanced AC voltage to the lamps
up to a maximum of 480 vac. Full power voltage was used
for the major portion of this calibration program with the
exception of the Level 3 DETECTOR CROSS CALIBRATION where
power was reduced approximately 40% to generate a low flux
level for a third level of comparison. It should be noted
that rcpeatable flux levels are difficult to maintain at
reduced power levels. Current and voltage were closely
monitored to maintain reasonable repeatability. Three
source configurations were employed to establish three
radiant energy rates (flux in calories/cmz—sec). A gold-
plated aluminum reflector (GPAR) fits around the bank within
1-1/2" of the back of the lamps (Fig. 3) yielding the

highest flux. Lower flux levels are achieved with a similar
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reflector of gold-plated stainless steel (GPSS) 2" from the
lamps, while the lowest level of flux was generated without
a reflector.
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SHUTTER

The aluminum shutter, gold-plated on both sides, locates
in slots in the center of the floor and ceiling of the 1" -l
wide wind tunnel test section. Moved by pneumatic solenoid, o
the shutter opens at a speed of 224 in/sec and closes at 75 A
in/sec. The tunnel downstream edge of a standard 4-1/2" wide
sample will be exposed for 0.06 sec longer than the upstream
edge. The shutter effectively blocks the lamp radiant énergy
to the sample side of the tunnel. The gold plate reflects

'.}-:n TSR]
PR PP P

the energy back to the lamps when the shutter is closed
lessening heat buildup in the shutter. The energy reflected
back to the lamps from the shutter increases the lamp fila-
ment temperature which increases the filaments resistance

and a correspondingly lower current flow results. Current

. ey G e e e
Pyt e et
) d‘)JJJJ '

flow is further reduced when a reflector is in place around
the lamps reflecting radiant energy back to the filaments.
With either the reflector or shutter removed, energy escapes
in the open direction allowing the filaments to cool to nor-
mal operating temperature. When the shutter opens with a

reflector in place, the higher filament temperature produces

a higher flux. As the temperature drops to normal, the flux

also drops. In order to produce a square wave pulse of

o A PR T T R )
AA'xu_'.s.-.-.a'.'.“_.-u"

energy available to the sample, the timing of delay between
initial lamp current flow and shutter opening is critical.
If the delay is short, the rise time of the pulse will be
slow to a stable level following the stabilizing lamps (Fig.
4). 1If the delay is long, the lamps will have stabilized

e e vy Do a e
RPN oL

but at the higher energy level dictated by the reflected
radiance trapped between the reflector and shutter. When
the shutter does open, the higher level will cause the
leading edge of the pulse to overshoot before stabilizing
(Fig. 5). With the correct delay timing the energy pulse

h'
4
o
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will be a square wave (Fig. 6).
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GENERATING A SQUARE-WAVE PULSE

Two exposures on the same graph (Fig. 7), one after
the other under as repeatable conditions as reasonable using
the HDLB2 w/GPAR compare pulse shapes with and without shutter.
Lamp "on" time for the two exposures is the same as well as
lamp current at shutdown. With use of the shutter a square
wave pulse is indicated with a delay of 1.4 secs. In the
second exposure the shutter is held open and a plot of lamp
radiant energy indicates the peak flux is not achieved during

the "on" time. Lamp current is also affected being slightly
lower when the shutter opens than at the same time with the

shutter blocked open. Comparison of these two plots clearly
indicates the stable flux levels available in a shorter

time as a result of the lamp radiant energy. being reflected

back into the lamps by the shutter/reflector combination.
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CALORIMETER HOLDERS

Part of the wall of the wind tunnel test section opposite
the lamp bank is formed by a removable aluminum plate which
contains the 4"x4-1/2" sample opening or "window" (Fig. 8).
The aluminum holders that support the calorimeters fit into
the sample window with the inside face of the holder on the
same plane as the inside wall of the tunnel. There are three
such holders: One called Full Window Single Unit (FWSU) which
fills the test window completely while centering a single
calorimeter with its sensing face flush with the holder face
(Fig. 9a). This holder is used in two configurations. For
the highest levels of indicated flux the holder face is highly
polished. For all other flux levels the holder face is
coated with 3M Nextel flat black paint. One called Full Win-
dow Dual Unit (FWDU) which also fills the test window completely
and places two 5/8" OD calorimeters above/below each other on
the vertical centerline of the test window and 0.362" above/
below the horizcntal centerline so that the two units are
0.725" center-to-center (Fig. 9b). The face of the FWDU
holder is neither coated nor polished but is left in its "as-
milled" state. A third holder is called Center Mount Pivot
(CMP) which fits into the test window as the others but does
not fill the window (Fig. 10). The outer frame supports two

opposite extensions from a 1-1/4" OD aluminum ring into which

the calorimeter is mounted. The extensions may be mounted to

the frame vertically allowing the ring to pivot on a vertical :ﬂ
axis across the calorimeter face. Mounting the extensions on %
a horizontal plane allows the calorimeter a horizontal pivot. ‘d

The calorimeter supporting ring is chamfered on either side
nf the pivot plane to prevent blocking incoming radiant
energy from that side which is turned away when the calori- }

meter face is at some angle to the lamps other than 0°. iy

A second ring identical in outside dimensions and lo-

cation to the frame replaces the first ring when the alumi-

num collimating attenuator (see "Task 2") is used. The




attenuator (Fig. 11) fits snugly over the ca'orimeter re-
quiring the larger bore of the second ring for proper €it
and location. Once in place over the calcorimeter, the
distance between the face of the attenuator and the fuce of
the calorimeter remain fixed but the ertire assembiy mav be
moved in/out of the seccnd ring to allow citheir the atten-
uator face or calorimeter face to be on the same plane as

the wind tunnel wall.
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INSTRUMENTATION
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A Hewlett/Packard model 7046A dual-pen platen recorder
was used for all data collection. The recorder was cali-
brated on 11-23-82 and checked at completion of this program ey
(Fig. 12). Except when indicated, lamp current was monitored 1
on channel 1 (black) at a slower response to prevent off- j
scale pen travel at the initially high lamp current. For
all other applications channel 1 was at a normal response of ;

30 in/sec. A current transformer with a ratio of 400/5 fed

i

a conditioning module which converted the current signal to
a DC level of 1 volt/400 amps. Using 0.1 v/in scale on the

recorder yielded 40 amps/in. Channel 2 (red) monitored calori- v

PR Y

meter output direct at ranges of 0.5 mv/in and 1 mv/in where

indicated.
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Lamp voltage was monitored visually using a Digital

Lo

Voltage Panel Meter (DVPM) that was calibrated using a

standard laboratory source,
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CALORIMETERS

Six calorimeters were used to gather the information con-
tained in this report. Five of the devices are Model C-1312-

A Asymptotic type manufactured by Hy-Cal Engineering, 12105
Los Nietos Road, Santa Fe Springs, Calif., 90670. Manu-
facturers specifications indicate this model calorimeter to
have an accuracy of +3%; repeatability #0.5% and linearity
of +2.0%. The Sensing surface has a colloidal graphite
coating with an absorptivity of 0.89 flat across the spectral
range from 0.2 microns to 30 microns. Distilled water was
used for cooling with flow rates greater than 1 gpm at pres-
sures greater than 80 psi. Four of the asymptotic calori-
meters were hand-carried to the manufacture¥rs facility and
recalibrated consecutively along with a fifth unit that was
purchased at the facility. Calibration of the five units
was Observed by the Tri-Services Thermal Flash Chief Tech-

nician to assure as repeatable conditions as reasonably
possible. The devices are supplied with calibration certi-
ficates (Figs. 13-17) that are NBS traceable in (BTU/ftz—sec)/
mv and must be converted to (cal/cmz—sec)/mv. The factor for
this conversion works out to 0.27236 x (BTU/ftz—sec) = ;?
(cal/cmz—sec). The operational parameters of the four Hy- .

Cal calorimeters are as follows:

Calibration Conversion Factor Response, ms
Ser. No. Date BTU Range (cal/cmz—sec)/mv (time constant)
55199 2-21-83 300 9.170 70
36002 " 750 24.592 40
95301 " 300 8.191 70
72383 " 1000 32.716 30
75771 " 300 10.475 70

The sixth device is referred to as a Null-Point Calorimeter
(NPC). Very little information is available about this de-
vice except that it functions much like a copver-slug calori-

meter using a Type K thermocouple. The output was corrected

A-10
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for room temperature using an Omega model MCJ type K

compensator. An adaptor (Fig. 18) was fabricated to fit

A
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the NPC in the three different holders allowing proper

location of the device relative to the other calorimeters.
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Task 1.

Lot et RN U L T

PART I1

TASKS, DEFINITIONS, AND ACCOMPLISHMENTS
DETECTOR CROSS CALIBRATION

Request:

A,

Cross calibrate SAI Hy-Cal (1000 BTU range) and
UDRI midtherm detectors using Quartz Lamp Bank.
Provide response curves for at least 3 fluence

levels at each of three flux levels between the
maximum available and around 300 cal/cmz—sec.

In all instances use maximum shutter speeds.

Cross calibrate SAI Hy-Cal (300 BTU) and UDRI
midtherm detectors at 3 flux levels between 10
cal/cmz—sec. and 50 cal/cmz—sec. Choose at least
one flux level in common with those selected

above.

Explication:

A.

........

The UDRI midtherm detectors are no longer used

for calibration in the Thermal Flash Test Facility
(TFTF) due to slow response times and restricted
view angles. The devices now used for calibra-
tion are model C-1312-A asymptotic calorimeters

manufactured by Hy-Cal engineering.

Fluence is generally considered to be the total
energy delivered while flux is the rate-of-
delivery. Since the calorimeters to be compared
are primarily flux measurement devices the length
of time each is exposed need only be enough to

allow the asymptotic devices to stabilize.

Three flux levels were used in the fulfillment
of this request but a maximum level of near 60

cal/cmz—sec is the upper limit of the TFTF.

The shutter was not used as this request is only
concerned with identifying stable output levels

not the rise or decay of those levels.

~~~~~~~~~~~~
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B. Both the 300 BTU and 1000 BTU SAI Hy-Cal units
were compared with the three UDRI/DNA units

PR P L

consecutively at each of three flux levels of

approximately 15, 30 and 60 cal/cmz—sec. ]
Action: _;
Two Hy-Cal model C-1312-A calorimeters belonging g'
to Science Applications Inc. (SAI) and three h}
same model units belonging to the UDRI/DNA ‘f
Thermal Flash Test Facility were exposed con- ?
secutively to the radiant energy pulses of three jf
configurations of the High Density Lamp Bank "y
No. 2 under as repeatable conditions as reasonably S
possible. Each group of five calorimeters was
exposed three times consecutively and in repeated f
order to allow a realistic mean to be derived ‘%

for each unit. The sequence was repeated for
each of the three flux levels for a total of 45

exposures.
Level 1 (Figs. 19-23)

HDLB2 with gold-plated aluminum reflector.
Full-power, full-window, single-unit calori-

meter holder with polished face.

Flux(cal/cmz—sec)
Ser. No. group 1 group 2 group 3 Avg.
55199 63.3 63.3 63.7 63.5
95301 62.6 62.6 62.7 62.6 &
75771 64.1 64.1 64.1 64.1 -
36002 64.2 64.2 64.2 64.2 Zq
72383 66.7 66.7 67.1 66.8 4
"9
3
A-13
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PULSE WITH LONG DELAY
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Task 4.

........

PYROELECTRIC DETECTOR CHARACTERIZATION

Request:
Complete breadboard of Pyroelectric Detector. i;
Since Pyroelectric element is sensitive to ;ﬁ
rate of change of flux, absolute peak flux :f
level is not important but cross calibration ]
-]
-3

Action:
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with a good Hy-Cal is still required. Variable
shutter speeds would be desirable in this case.

Several circuits similar to those suggested by
the manufacturer were tried in an effort to
generate some relative voltage or current change
as a function of a change in light level at

the surface of the Pyroelectric Detector. Intensity
levels no greater than a 100 watt unfrosted light
bulb at distances no closer than 3 inches did

not result in any discernible change in the out
put of the detector. If the detector could be
made to function, it is a rate-of-change device
and therefore should not be calibrated against

an eguilibrium device such as an asymptotic
calorimeter. Variable shutter speeds would not
produce a variable rate-of-change, only the
relocation of a fixed level of radiant energy

from one point to another, i.e.: from the face

of the shutter to the face of the detector.
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Note: this task was completed prior to the
resurfacing and recalibration of Hy-Cal ser.
no. 36002. The new calibration factor is
24.592 (cal/cmz—sec)/mv versus the old factor
of 24.0 representing an increase of 2-1/2% in

indicated apparent flux.
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1) Comparing the NPC against calorimeter 36002

2 sec exposure

in Full Window Dual Unit Holder using HDLB2 @ ?f

full power S

a) with gold-plated aluminum reflector %f

1 sec exposure &t

NPC above peak temperature 186°F (Fig. 51) L%
36002 below flux 68.4 cal/cm’-sec |

NPC below peak temperature 187°F (Fig. 52) o
36002 above £lux 67.7 cal/cm’-sec -

el

{

"7_1

NPC above peak temperature 223°F (Fig. 53)
36002 below flux 68.6 cal/cm’-sec
NPC below peak temperature 223°F (Fig. 54)
36002 above flux 67.7 cal/cmz-sec

b) without reflector

1l sec exposure

NPC above peak temperature 143°F (Fig. 55)
36002 below flux 42.2 cal/cmz—sec
NPC below peak temperature 147°F (Fig. 56)
36002 above flux 42.1 cal/cm?-sec

2 sec exposure

NPC above  peak temperature 170°F (Fig. 57)
36002 below flux 42.8 cal/cmz—sec
NPC below peak temperature 170°F (Fig. 58)
36002 above flux 42.4 cal/cmz—sec

2) Determining effects of angle on the NPC in
Center Mount Pivot Holder using HDLB2 @ full
power with gold-plated reflector

face~to-lamp angle peak temperature
0° 173°F (Fig. 59)
10° down 174°F (Fig. 60)
10° up 173°F (Fig. 61)
10° left 171°F (Fig. 62)
10° right 174°F (Fig. 63)
A-19
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Task 3. NULL POINT CHARACTERIZATION
Request:

Simultaneously expose the null point calori-
meter and the 1000 BTU Hy-Cal to a flux level
of 40 cal/cmz-sec. normal flux and fastest
shutter speeds. Expose to at least four angles
with respect to the constant normal flux and

at each angle expose to one test duration equal
to 1.0 sec.

Explication:

The full-window, dual unit calorimeter holder
(Fig. 9b) was used to simultaneously expose
the Null Point Calorimeter and the 750 BTU Hy-
Cal calorimeter ser. no. 36002 to flux levels
of approximately 30 and 60 cal/cmz—sec. The
750 BTU unit was used because it was mounted
in the holder and had been the lab reference
unit. Two flux levels were chosen to ‘display
differences in the slope of the curve generated
by the NPC. Exposure times (with shutter) of
both 1 and 2 seconds confirmed the slope shape.

Action:

The Null Point Calorimeter (NPC) is a device
that seems to act much like a copper slug

calorimeter using a type K thermocouple. The
output of the device was compensated to room

temperature although it is believed that only

the At/time is of importance. An adapter was
fabricated to allow the device to be used in

the various holders that were developed for

.
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the Hy-Cal calorimeters.
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Observation:

Angle relationship between calorimeter sensing
surface and source does not seem to have a
severe effect on indicated flux with a worst-
case w/o attenuator of only 1.5% down at 10°.
With attenuator face at normal pace, the worst-
case is 3.5% down and a loss of near 8% is
indicated when the attenuator is used, but the
calorimeter face is at the normal plane (inner
tunnel wall). More importantly the attenuator
seems to have about a 3.7:1 reduction factor
(73%).
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at four different angles plus straight on the
highest flux level available using the HDLB2 at

full power with the gold-plated aluminum reflector.

Configurations: (Calorimeter no. 75771)

a) w/o attenuator

b) with attenuator face at inside wall plane

(Fig. 35a)

c) with attenuator, with calorimeter face at

inside wall plane (Fig. 35b)

Flux (cal/cmz_sec)(Figs. 36-50)

face-to-lamp angle a) b) c)
0° 53.3 14.4 14.2
5° right 53.3 13.9 13.9
10° right 52.5 14.0 13.7
5° up 53.3 14.2 13.1
10° up 52.8 14.6 13.5

Note: this task was completed prior to the
resurfacing and recalibration of Hy-Cal ser.
no. 75771. The new calibration factor is
10.475 (cal/cmz—sec)/mv versus the old factor
of 9.309 (cal/cmz—sec)/mv representing an

increase of 12-1/2% in indicated apparent flux.
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Task 2: ATTENUATOR DEVELOPMENT

.
LN Y

Regquest:

Produce sample attenuator as shown in Fig. 34

t
O o
Al

to provide a factor of 10.0, reduction of inci-

dent flux. Use attenuator on high flux calori-

T
[
LY

meter and cross calibrate with low flux calori-

v

meter to determine actual attenuation factor.

Expose attenuated calorimeter to at least four

2.

angles with respect to a constant normal incident

‘e
lvvvl

. et e s '
PSP R PSP I ey U

flux to estimate conformance to sine dependence.
Fastest shutter speeds should be used in all

cases.
Explication:

All indicated dimensions of the collimator were ;3

adhered to with the exception of outside diameter

o
I AL )
Lo 0 2

which was reduced from 1" to 3/4" to minimize

surface area exposed to radiant energy.

The collimator was used on the high flux calori- :1
meter (ser. no. 75771-1000 BTU) but the attenua-

tion factor was determined directly by exposing

the calorimeter to similar radiant energy pulses
both with and without the collimator.

N R S
TN,

1

Action:

A pinhole collimating attenuator was fabricated
from aluminum as per dimensions (Fig. 34). The
attenuator was constructed to press-fit snugly
over a standard 5/8" o.d. Hy-Cal calorimeter.
The inner cone surface is at a 45° angle and
highly polished. The face is also polished.

The input aperture is 0.198" yielding an area

ratio of 10:1. The attenuator and calorimeter
in three configurations were held in the Center
Mount Pivot (CHMP) holder (Fig. 10) and exposed

Pl Al ptat e
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Level 2 (Figs. 24-28)

HDLB2 without reflector. Full power, full-
window, single-unit calorimeter holder with

blackened face.

Flux (cal/cmz—sec)

Ser. No. group 1 group 2 group 3 Avg.
55199 37.4 37.2 37.2 37.3
95301 36.7 36.5 36.7 36.6
75771 37.7 37.5 37.5 37.6
36002 37.1 36.9 36.9 37.0
72383 39.3 38.9 38.9 39.1

Level 3 (Figs. 29-33)

HDLB2 without reflector. 60% power.
Full-window, single-unit calorimeter holder

with blackened face,

Flux (cal/cmz—sec)

Ser. No. group 1 group 2 group 3 Avg.
55199 17.4 17.4 17.2 17.3
95301 17.0 16.9 17.0 17.0
75771 17.4 17.6 17.4 17.5
36002 17.2 17.2 17.0 17.1
72383 18.3 18.3 18.0 18.2
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FULL-WINDOW SINGLE

Figure A9a.

UNIT HOLDER

PR T

Figure A9D.
FULL-WINDOW DUAL UNIT HOLDER
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. . 1
;:' aperture (&) to output zperture _ c::\f{::" £
. e hich J .
' (7 AY) area ratio of 1 to 1. An N .
. Hycnl §ace I3
-:j eract ratio is not important but care- AT CUTEAT .C-
' SRS | APEOTIE X
ful m=zasurement of the finished dimen-— 2
<at K
cions plue celibration experiments Sce e !
-
with the Hvcal in place should be ucsed | :
‘&
to determine the actual area ratio. ‘e
Male at least two pirnhole collimators. \ .

pan l@ Ska«JO.rJ Av'tq_

Mote any chamges in the input aperture Aluminem
with uvse. — :
“
Figure A34. ';:
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APPENDIX B
NULL POINT ANALYSIS

v

The Hycal calorimeter and the Null Point calorimeter are significantly different

L A aeh ard e gy

instruments. The Hycal calorimeter measures a differential cignal based on the

difference in temperature between the front face and the tempe: :ture of a coolant
water supply. The Null Point calorimeter measures the temperature behind a mass
exposed to radiant energy. The Accurex Null Point calorimeter uses a %" long, X"
diameter Cu slug with black Cu Oxide on the front surface. A thin, type K (Chromel-
Alumel) thermocouple is attached to the Cu Slug 10 to 12 mils from the front face and
in the center of the slug. According to heat conduction theory the thermocouple
within the Null point calorimeter will register a temperature history identical to that

of the front face if the thermocouple tip is spaced a distance from the front face

equal to the diameter of the hollow shaft containing the thermocouple. The flux
history on the face of the Null point calorimeter has to be deconvolved from the

temperature history at the thermocouple tip.

Accurex supplies instrumentation and computer programs to perform the

e -

deconvolution algorithms. Due to the high cost of the Accurex software this item was

lrl.

not acquired. However, a simple finite element computer program was written to

o .

mode] the Null point calorimeter response.

T

The simple model treats the absorbing face of the Null Point Calorimeter as a

g
.

semi-infinite plane (see "Conduction of Heat in Solids", Carslaw and Jaeger) of copper

that is heated by incoming radiation with no losses to the surroundings. The model

approximates the actual physical construction and mounting of the Null Point
Calorimeter which possesses a %" diameter, %" long copper slug- with a 3/32" diameter
access shaft drilled to within 10 to 12 mils of front face of the slug. The type K
thermocouple wire is attached at the end of the access shaft nearest the front face.
The access shaft will cause only small perturbation to heat flow in the copper slug
since the cross-sectional area ratio of slug to access shaft is greater than 7 to I. The
Null Point probe was mounted with insulating materials shielding all but the front face
from radiation.
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The computer simulation divides the copper slug into elements (slices) through
which energy is transported. Energy enters through the absorbing face and is assumed
to heat the first element, with no losses, to a temperature based upon its thermal
mass. This occurs only through a time period based upon the diffusivity of copper:
t=.5*b2/a where b is a characteristic length (element width) and a is defined as the
diffusivity of OFHC copper (1.21x1073 ft2/sec). When this time has elapsed the
element loses heat to the next adjacent element through heat conduction driven by the
difference in temperature of the two elements. The program computes the above for
a constant flux input, total time, and number of elements as selected by the user. A
sample program written in Applesoft for an Apple computer is provided.

A plot of the computer model output is shown in Figure Bl. It provides a good
approximation for Null point calorimeter response. From Figure 8, a 1 to 2 ms time
delay is observed between the arrival of radiant flux and the beginning of response for
both the Hycal and the Null Point calorimeters. This time delay theoretically is
closely related to the time of thermal transport from the front face to the sensing
element for both detectors. With appropriate analysis the flux histroy at the front
face of the Null Point calorimeter can be determined but not in "real time". Null
point data from Figure 7 has been replotted to the same scale as shown in Figure
Bl and presented in Figure B2. The simulated response shown in Figure Bl closely
follows the actual data but begins to deviate after .1 seconds. To improve the model
additional terms accounting for leakage of energy out of the calorimeter would have
to be added. It is not clear how much resolution such analysis can reveal. The Hycal
calorimeter gives a "real time" response degraded by less thermal inertia. The time
constant for the Hycal calorimeter response probably could also be corrected with

more theoretical work.
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NULL POINT CALORIMETER
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Figure Bl. Simulated Response of Null Point Calorimeter to a
33 Cal/Cm2/sec Thermal Flux Input
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Figure B2. Actual response of Null Point Calorimeter to a
33 Cal/Cm4/sec Thermal Flux Input
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NULL POINT CALORIMETER SIMULATION PROGRAM

JLIST

S D

= CHR$ (4): REM OQUTFUT CON
TROL

INPUT "ENTER NUMBER OF FINITE
ELEMENTS "3i@

15 A = 1.992: REM ABSGRFTANCE/ ¢

SPECIFIC HEAT % DENSITY

16 B = 1.1@9. REM THERMAL COND./
(SFECIFIC HEAT % DENSITY)

200 X = 1.27 /7 Q: REM CALCULATE #
OF ELEMENTS

21 D= .5 # (X ™~ 2) / 1.124: REM

BRI

401 S

S
7@

-
)

75
77
84d

85
89
40

1@
1148

115

CALCULATE TIME FOR HEAT TRA
NSFORT ACROSS ELEMENT

INFUT "ENTER TOTAL TIME FOR D
ATA ACE "iR
= INT (R / D): REM TOTAL #
OF SAMPLES

DIM T(S + 1,0 + 1)

INPUT "ENTER FLUX LEVEL IN CA
L/CM2/SEC “3;F

PRINT

PRINT "ARRAY SIZE = ";S #* @

PRINT

INPUT "ENTER INITITAL AMEIENT

ELEMENT TEMFERATURE “;Q1

FOR I = @ TO @:T(3,I) = @1: NEXT
I

REM CALCULATE TEMFERATURE FO
R ELEMENTS IN ARRAY

FOR I =1 TO S
FOR F =1 TO @

T(I,B) = A *D *F / X + T(I -
1,8) — (T(I -~ 1,8) - T(I - 1
,1)) % (B # D / (X ~ 2))

IF F = @ THEN 125

T(IL,F) = (T(I - 1,P - 1) - T(
I - 1,F)) *» B*D / (X~ 2) +
T(I = 1,P) - (T(I — 1,P) - T
(I - 1,P + 1)) #» B * D / (X ~
2)

GOTO 136

TIL,P) = (T(I - 1,P - 1) - T(
I ~1,P)) # B*#D/ (X~ 2) +
T(I - 1,P)

NEXT P

NEXT I

INPUT "SENT OUTPUT TO PRINTE
R (Y/N)? “3Zs%

IF 2Z¢ = "Y" THEN 150

IF 28 < > "N" THEN 145
GOTO 255

REM PRINTER OUTFUT

PRINT D$3 "PR#1"

FPRINT "# OF ELEMENTS - "3@
PRINT "ELEMENT WIDTH - "3X
PRINT "DIFFUSION TIME- "3D
PRINT "TOTAL TIME - "sR
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183 FPRINT I FRINT

19@  FRINT "TIME"S SFC( 15):"ELEM
ENT @"3 SFC( S) 3 "ELEMENT 1";

SFC( S)F"ELEMENT "3 — 13i SFC(

S) I "ELEMENT "3@

195 PRINT : FRINT

28 FOR I = @ TO S

219 PRINT I * D3

220 POKE 36,22: FRINT INT (T(I,

@))3

23% POKE 36,36: FRINT INT (T(I,
13

249 POKE 36,59: FRINT INT (T<(I,
e - 1))3

245 FOKE 36,64: PRINT INT (T(I,
@)

2508 NEXT I

252 FRINT D%; "FR#@"

254 PRINT : FRINT : PRINT

255  INFUT "SENT OUTPUT TO DISKE ¢
Y/NY? "3Z%

256 IF Z$ = "N" THEN S

257 IF 1% < > "Y" THEN 235

I PRINT D$: "OFEN NULL"

J1¢ PRINT D$s"WRITE NULL"™

I2 FOR I = @ TO 285

323 IF I » @ THEN T(I,1) = @

I3 PRINT  INT (T(I,1))

I41  NEXT 1

J5@  PRINT D&s "CLOSE NULL"

S END
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